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ABSTRACT

EMILY LEONARD PARKS: What holds your attention? The neural effects ahorg on
attention
(Under the direction of Joseph Hopfinger)

The allocation of attention, including the initial orienting and the subsequent dwell-
time, is affected by several bottom-up and top-down factors. How item-menfiecisahese
processes, however, remains unclear. In four behavioral experiments, wejatedsti
whether item-memory affects attentional dwell time by using a mddriesion of the
attentional blink (AB) paradigm. Our results revealed that the AB wasiseymiify affected
by memory-status (novel versus old), but critically this effect depended on thieg@ng
memory context (Parks & Hopfinger, 2008). To directly examine the neuralseffiec
memory and memory context on attentional allocation, we recorded evend paiéeatials
(ERPs) while subjects performed a modified cuing paradigm. Our result$eict teat
memory significantly affects target processing at both early aadtages of analysis.
Specifically, targets following memorially unique, “old” (previously staljieues showed
increased visual processing and faster reaction times compared toftalgeiag non-
unique cues. These data provide new evidence that memory affects attention atahe ne
level, and that this effect occurs at early visual processing legeisdaxed by the P1) and

at higher order stages of processing (as indexed by the P300).
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CHAPTER 1

PART 1: INTRODUCTION

The allocation of attention is affected by several factors, including batm-
reflexive capture toward stimuli that are highly salient in their phiygedures, and top-
down voluntary orienting toward task relevant stimuli (Berger, Henik, & Rafal, 200&gaIC
& Lyon, 1991; Hopfinger & West, 2006; Jonides, 1981; Muller & Rabbitt, 1989; Posner &
Cohen, 1984)More recent work has highlighted the effects of higher-order factors on
attention, such as orienting toward the location of another person’s gaze, toward dmotiona
stimuli, and toward items being actively held in working memory (de Fockesst, Reith, &
Lavie, 2001; Fox, Russo, Bowles, & Dutton, 2001; Langton & Bruce, 1086&an, Flykt, &
Esteves, 2001; Smith, Most, Newsome, & Zald, 2006). The role of memory in the aliocati
of attention, however, remains unclear. Previous studies have shown that mepuisythé#
initial capture of attention, although the results have been inconsistent regaitdsthe
old or new item that captures attention. For example, some studies have found geidence
attentional capture to a novel word compared to previously studied words (Johnstory, Hawle
Plewe, Elliott, & DeWitt, 1990; Wang, Cavanagh, & Green, 1994), whereas others have
found evidence that a familiar word captures attention relative to a novel non-vinisti€C
& Klein, 1995). Despite different experimental paradigms and stimuli, arffeaedhit pattern
of results, these previous studies suggest that item-memory does influenceaiheapture

or attraction of attention. In addition, recent evidence suggests that iteraryneot only



affects this initial capture of attention, but also affects how long attentielsdov is held by
an item. Exploring both of these mechanisms (the initial capture and the later hold of
attention) provides a more comprehensive understanding of memory’s effectsxbaratte
Indeed, the holding of attention may be even more important than the initial orienting
affecting cognition and subsequent actions. Using eye-tracking as a tmexasnine both
attentional capture and attentional hold, Chanon & Hopfinger (2008) recently found that
fixations during scene-viewing were more frequent, and critically,ddstea longer

duration on “old” (previously studied) items versus “new” (never before seend.ifThese
results were found regardless of self-reported strategies, suggestigniamemory may
have an involuntary effect on attentional dwell time.

In the previous eye-tracking study, however, there was no immediate cost iaglwel
longer on an item, and therefore it's unclear how strong or automatic thisreffgde. To
address this issue, Parks & Hopfinger (2008) utilized a different, websstad method for
qguantifying the temporal allocation of attention: the “attentional blink” (p&)adigm. In
this paradigm, there is a significant cost for increasingly long dwedistiom the initial target,
and therefore the automaticity of the effects of memory on attention caralsened The
AB refers to the finding that the correct identification of one target in a rapal gisual
presentation (RSVP) stream causes a marked impairment for detestiognal target (T2)
presented shortly (~200-500 ms) after the onset of the first target (T 1ji&rdas
Broadbent, 1987; Chun & Potter, 1995; Raymond, Shapiro, & Arnell, 1992). Evidence
suggests this effect occurs at a postperceptual phase of T2gpngc€siesbrecht & Di Lollo,
1998; Vogel & Luck, 2002; Vogel, Luck, & Shapiro, 1998). One theory has proposed that, as

limited attentional resources are absorbed in T1 processing, the consolidatiomiaf T2 i



memory is prevented (Chun & Potter, 1995). Further support for this theory comes from
electrophysiological work finding that the T2-elicited P300, an ERP componatedb the
context updating of working memory, is suppressed during the AB, while earloeppaal-
based components are not (Vogel & Luck, 1998). Thus, according to this view, the T2 is
perceived during the AB, but it cannot be fully consolidated and thus reported€dol&
Dell’Acqua, 2000). Therefore, although the AB is caused by the presence ofsTlds, T2
where the blink’'s measurable effects are manifested. Thus, the blink provides beneéx
tool for measuring the effects of memory on attention. Of particular ibtezes was
whether or not individual item-memory would influence the degree of attentionahgaldi
that item. Specifically, using a modified AB paradigm, we manipulated émeary-status of
the first target (T1) (while keeping the distracters “old”) to investigenether the presence
and duration of the blink differs when old versus new items are the T1 (referree @sher
Experiment 1). Before the experimental phase, participants performedarentask in
which they had to make semantic judgments about a set of pictures in order to pnashgge st
robust memory traces (thus, creating a set of “old”, previously studied, berthefAB
phase) (c.f., Craik & Tulving, 1975). Following the encoding phase, participants performed
the AB task described above. The experiment followed a typical procedurecuiil AB
studies in which participants identified both T1 and T2 at the end of each trial (Chun &
Potter, 1995; Giesbrecht & Di Lillo, 1998; Keil & Ihssen, 2004; Olson, Chun, & Anderson,
2001; Olivers & Nieuwenhuis, 2006; Raymond et al, 1992). A total of 240 sequences were
presented, with 40 trials of each combination of memory-status and lag.

Critically, the results revealed new evidence that the memory-stainsitaim

significantly affects the temporal allocation of attention, as thevaB extended when T1



was a “new item” (not seen previously in the experiment) as compared to anfiold ite
(previously studied). This delay in the recovery of the AB demonstrates thétethigoaal
dwell time on T1 was significantly lengthened when T1 was a “new” itenusens “old”
item. These results suggest that memory plays a significant role in thiewlarad temporal
allocation of attention; specifically, that novel items increased tligheat attentional hold,

as compared to familiar items (Parks & Hopfinger, 2008; See Figure 1 below).

FIGURE 1: T2 Accuracy (Experiment 1)
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* denotes significance after B-H correction for multiple comparigBasjamini & Hochberg, 1995).

Although a robust effect was found suggesting that novel items hold attention, it is
possible that this effect was at least partially due to two additional$athe task utilized
and the memory-status of the distractor stream (the non-target stimuéydrds to the task
(to identify T1 and T2 by name), the extended hold found for new items may have been

related to differences in the time required to generate names for “oldisversn” items.



Previously, it has been shown that the naming of an item is improved by prior ex@erienc
with that item (e.g., Tulving & Schacter, 1990). In regards to Experiment Igiparnis may
have displayed a larger and prolonged AB because more time was required te@generat
name for a new T1 as compared to an old T1. To remove this potential confound, we
proposed a follow-up study (Experiment 2) in which the item pictures previouslysised a
stimuli in Experiment 1 were replaced with abstract line-drawinlgesé@ abstract line-
drawings were designed to minimize verbal processing; thus, reducing aiyleefects
resulting from differences in the time to generate names for old versus nesw Tieis
manipulation in stimuli led to several critical changes in the al@rperiment, including
the timing and the task used. Specifically, because these abstract sttnmatira difficult to
process, both the duration of the stimuli and the interstimulus interval between teem wa
increased. In addition, the identification task previously utilized was replgcadask that
was not dependent on the naming of items (See Methods section for further detaalsl), O
the goal of Experiment 2 was to replicate the findings of Experiment 1 (lorgyésllawing
new items, when context is old) using stimuli designed to limit verbal prages$sus ruling
out the possibility of task effects.

In addition to the task effects, an important remaining issue lay in determining the
quality of the novel item that led to its increased hold on attention. The resultperfrient
1 (and later Experiment 2) suggest that new items may hold attention longeséteay’ve
never been viewed before. However, the new items also had a unique memoryelktawes r
to the ongoing context, as all the distractors were old. Recent work has supmpentedion
that it is not necessarily the item-memory stremgthse, but rather its memorial uniqueness

(relative to current context) that affects attentional allocation. ¥ample, Diliberto,



Altarriba, & Neill investigated the initial orienting of attention and found titahtion was
involuntarily captured by the one word out of four simultaneously presented words that was
unique in its memory (novel vs. familiar) (2000). While that study showed the mmgerbf
uniqueness in the initial capture of attention, attentional dwell time and memoexicont
across time were not investigated.

Evidence that memorial uniqueness affects attention has also come frorackyrgtr
studies. For example, Ryan, Althoff, Whithlow, & Cohen (2000) investigated the influence
of relational memory (memory between items) on attention. Particip@awedifamiliar
scenes in which one region of the scene was manipulated (e.g., insertion of ahesg)
manipulations within old scenes increased attentional allocation to the oneridbati was
“new” (i.e., modified), demonstrating the impact of relational memory on etterut also
demonstrating the effect of memorial uniqueness on attention. Additiofalgye-tracking
study by Chanon and Hopfinger mentioned previously also demonstrated the influence of
item-memory and context on attention (2008). This study demonstrated that whargviewi
“new” scenes, participants looked more often and for longer durations at “old” items
compared to “new” items. Again, it was the memorially unique item that capanceheld
attention. Overall, both of these eye-tracking studies support the idea thid¢the o
memory on attention are influenced by the interaction of item-memory andmneontext.

The results of Experiment 1 originally suggested that new items may resitiGait
longer because they’ve never been viewed before (assuming that the affemting
differences are removed by Experiment 2). In other words, the observetdaetteattributed
to the individual memory-status of T1. However, in that paradigennew item also had a

unique memory-status relative to the ongoing context, as all the distractersld:eBased



on the literature described above, the finding that the new item led to itssiedteald on
attention may not be due to the novelty of T1, but instead may be linked to T1’s individual
memory-status compared to that of the distractors. To test whether tihevaewness of the
item or the memorial uniqueness that caused the protracted AB, we conductedianahddi
experiment (Experiment 3) in which the memory context was reversed bynesingems as
distractors instead of old items. Thus, “old” T1s were unique relative to ongoingtsonte
contrary to Experiments 1 and 2, where “new” items were unique. If the attergftets
observed in Experiments 1 and 2 were solely due to the “newness” of T1, then the memorial
context should not matter, and new items should again produce a protracted AB. Hdwever, i
these effects are dependent on the memorial context, then Experiment 3 showd displa
opposite results from Experiments 1 and 2 — specifically, old T1's (among neactlist)
should cause a longer AB as compared to new T1's.

If Experiment 3 finds that the AB is extended when T1 is memorially unique, this wil
provide additional evidence that memorial uniqueness significantly aftéetsgian.
However, the possibility would still exist that the effect could be driveméyelation
between T1 and T2 (i.e. memory priming), as opposed to the relation between T1 and the
distractors (i.e., memory contexBecent work has demonstrated that T2 performance is
worse when T1 and T2 come from different categories (e.g. letter vs. digit) i@mhipa
when both come from the same category (collapsed across type of distractoryddfemla,
Botella, & Palacios, 2004). To test whether our effects are driven by the gngemorial
context set up by the distracters (as will be demonstrated in Experinearivy8a mismatch

between T1 and T2, we conducted Experiment 4. This experiment was similar tortexper



2 (wherein distractors and T2 were always “new”), except that here Talwags “old,”

and thus never matched the distractors.

Thus, the specifics goals of Part 1 were as follows:

l. To reduce possible effects resulting from differences in the time required to
generate names for “old” versus “new” items through the use of abstract line-
drawings that minimize verbal processing (Experiment 2).

Il. To determine whether the effects of item-memory on attentional atbacati
were based on an item’s memorial strenmghse, or rather, are based on an
item’s memorial uniqueness relative to current context (Experiment 3).

[l To rule out the possibility that the relationship between T1 and T2 (through
memorial priming effects) was driving the results of Experiments 1-3, as
opposed to the relationship between T1 and the distractors (through memorial
context effects) (Experiment 4).

These goals were accomplished through Experiments 2, 3, and 4.



CHAPTER 2
PART 2: INTRODUCTION
Part 1 of this study utilized behavioral methods to investigate the effectsmairgne
and particularly memory context on attention, finding that (as is later dexbugsms unique
in memory held attention longer than memorially non-unique items. However, muaimsem
unclear concerning the neural underpinnings of this effect. While a gralanfd
electrophysiological work has been conducted on the cognitive systemsofyrend
attention individually, little is known concerning their interaction within therbrai
Classically, memory and attention have each been studied at the neurdirawgh the use
of varying paradigms. For example, one means of studying recognition mersdrgdrato
examine the ERPs elicited by correctly classified old (previoustliesd) items as compared
to correctly classified new (never before seen) items. Further, attdras been studied
through cuing paradigms in which a cue (an arrow pointing left or right) voluntei@yts
one’s attention to a spatial location where a target may appear, leadadytoisual
processing enhancements to targets at that peripheral locationuiMaridjllyard, 1991).
However, of particular interest here is the neural activities relatibe ionfluence of memory
and memory-context on attention, which to our knowledge has never been investigated. |
order to examine this relationship, we proposed the use of a new paradigm, that ctimbines
two paradigms described above, which are typically utilized to study nyeandrattention
individually. We chose not to use the AB paradigm in conjunction with ERPs for several

reasons. First, the rapid presentation of stimuli required for the AB gardeads to overlap



in the evoked potentials of the stimuli presented within the stream. Typicasdlypwhilap

can be removed through the use of a variable stimulus presentation; however, such a
manipulation can change the inherent nature of the blink, and therefore, is not appropriate.
While some studies have attempted to isolate T2 through the use of “blank” tBals (T
specifically) (Sergent, et al, 2005), no paradigm has been developed to isolERPH& T1,

the stimulus of interest here. In addition to this methodological difficulty, @re wterested

in memory-related ERPs which occur much later in time. Using the RSVBsaegdor the

AB paradigm, multiple stimuli would have been presented by the time that a mestateg
component was evoked, and it would be impossible to distinguish which of many stimuli had
produced a particular neural effect. Based on these limitations redaggohtilus overlap
problems, we chose to use a more standard attentional paradigm that has been commonly
used to study attention through the use of ERPs (both in and outside our lab). Specificall
the voluntary arrow cue used in the cuing paradigm (described above) wasdepitn

pictures of items which vary in their memory-status. Therefore, periplaegaits were

preceded not by a cue directly orienting attention, but rather by an oldo{msigvstudied) or
new (never before seen) picture, now referred to as a “memory cue.” This yneraavas

not predictive of the target location, but allowed us to examine how memory-affacts
attention, as indexed through the neural processing of targets which follow old or ne
memory cues. Because we were interested not only in the effects of yr&tatas, but also

in those of memory context on attention, we also manipulated the probability of old and new
items. Specifically, we compared the neural processing of targetsifal@ld memorially

unique cues to that of targets following memorially non-unique cues. Betmesding
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further details of this new paradigm, it is first necessary to provide furttedaground
regarding the ERP components affected by memory and by attention.

Again, because we are most interested in the effect of memory temgjceeal
allocation of attention, we proposed the use of event-related potentials (ERiek)provide
excellent temporal resolution. ERPs reflect voltage changes on the stafidtv for a
measurement of the processing of an event (i.e. a stimulus). They aremtutes
waveforms of positivities and negativities (peaks and troughs) whose averfigetsthe
temporal progression of the neural processing related to that event. Eacle qiethles or
troughs is considered to be an ERP component, defined by its polarity and temptca pos
within the ERP waveform. Many of these ERP components have been linked to specific
functional processing through the evaluation of their amplitudes and latencies.

Of particular interest here was how memory'’s affect on attention influeticesus
processing, whether it be at early visual processing levels orrahigier order levels.
Before evaluating the influence of this interaction, it is important todirderstand how
these two cognitive systems (memory and attention) individuallyteffesulus processing.

Our discussion will begin with the ERP effects of memory.

Memory-related ERP Effects

Different types of memory have been found to have distinct ERP correlatesalCr
to this study is the identification of separate ERP components related to tbesprgof
memory-status and the processing of memory context, respectively. ldséganemory-
status, numerous ERP studies have revealed a pattern known as the parietal “dleénéw e

in which correctly-judged studied items elicit more positive ERPs cadparcorrectly-
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judged new items. This positive shift is maximal over the left pariesdip etween 500 and
800ms after stimulus onset and is traditionally suggested to be sensitive teatrsahe
aspect, of, recollection-driven recognition (Wilding & Rugg, 1996; Smith; 1993pahetal
old/new effect is not associated with the P300 component (Herron, Quayle, & Rugg, 2003).
Additionally, the parietal old/new effect has been further characterizedgithe use of
functional magnetic resonance imaging (fMRI), finding that studied itesnsofapared to

new items) are associated with an increased neural response within s@venal meost
consistently including: the inferior and superior parietal cortex, medi@talcortex,

posterior cingulated cortex, and prefrontal areas such as the bilateraramight

dorsolateral, and left ventrolateral cortex (Rugg & Henson, 2002; Herron, Henson, & Rugg
2004). The anatomical overlap between the neural circuits engaged in thal pé&diaew

effect and those involved in attentional processing provide some of the first evideac
functional link between memory and attention.

In addition to the parietal old/new effect, recent research has identifietbadbit
memory-related components which are dependent not on individual item-memory, ut rathe
on the memorial context established between an item and the items surrounding it. By
manipulating the ratio of old and new items in a test phase, the effects of meooreadt
can be investigated. Using ERP designs, it has been found that varying the oldmémndat
thus the memory context) had no effect on the amplitude or the scalp distribution of the
parietal old/new effect, despite informing the participants of this manipul@tierron et al,
2003; Friedman & Johnson, 2000; Rugg & Allan, 2000). Based on the notion that the parietal
old/new effect reflects recollection-driven recognition, this dissaciatias considered

evidence that the parietal old/new effect solely related to memormguatdan be separated
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from those related to other processes (i.e. detection of memorial uniquenigiss)lyCthis
manipulation of the probability of old to new items led to the discovery of two distinct ERP
components related to memory context. Specifically, Herron and colleagues f(a@tB8a
late component (~800-1100ms) that demonstrated a greater positivity for low ptgbabili
items (nouns that were memorially unique) than for items of either equal or biggibgity.
This effect was more prominent for old items, however the scalp distributiors of thi
“probability” or “context” effect (maximal over the midline and right postescalp) was
significantly different from that of the parietal old/new effect, suiggshat these two
components arise from at least partially distinct neural generators. troaddoth the time
course and the topography of the context effect were found to be distinct from trat of t
P300. Overall, this study provided new evidence that the parietal old/new eftbtbially
associated with successful episodic retrieval can be dissociated fecorad, later
component related to variables such as probability, or memorial context. Again, such
findings suggest that these two components may reflect differing nensabgiers (Herron et
al, 2003).

In order to localize these neural generators, Herron and colleagues/ediie
same paradigm mentioned above utilizing an event-related fMRI design. Adezkpewas
found that old/new effects within certain regions were not affected by waisan the
old:new ratio, while other regions were strongly influenced by this manipul&pecifically,
greater activity was found in the bilateral inferior and medial pawetax, and the
posterior cingulate by correctly judged old (as compared to new) iterasdliess of the
old:new ratio. In contrast, activity within the superior parietal cortex andagwefrontal

areas (anterior, dorsolateral, and ventrolateral prefrontal cortex) depamdae old:new
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ratio. Again, these data support a distinction between the parietal old/newaetigbe
memory context effects. Upon these findings, further analysis was conductedooigitined

ERP data of Herron and colleagues (2003), leading to the discovery of a second context-
dependent ERP component. Specifically, around 1200ms after stimulus onset, a negative
shift over frontal electrodes was found for memorially unique items, but not during equal
probability conditions.

To summarize, distinct sets of memory-related ERP components have beerettentifi
one reflecting recollection-driven recognition (parietal old/new éffead two reflecting
memorial context (late components identified by Herron et al). All of tr@s@anents have
been identified in paradigms employing a test phase involving the slow presentat
individual items. To our knowledge, no previous studies have investigated how these
memory components are affected by the presence of an additional stimawaigltihe
memory cue that does not vary in terms of its memory-status (i.e. a periphges).

Although these memory effects are of interest, we are more primaritgiced with
memory’s affect omttentional processing. However, before discussing this topic, we must

again first describe typical ERP effects found to be modulated solelyeloyian.

Attention-related ERP Effects

Many previous studies have demonstrated that voluntary attention influenogsi st
processing at both early and late stages of analysis. Items which@antaxib} attended to,
as compared to items that are unattended, have enhanced early visualng@sesslexed
by increased amplitudes in two extrastriate-generated components:(thedRtrimination

and localization tasks) and the N1 (in discrimination tasks) (Heinze, ManguneBurch
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Hinrichs, Scholz, & Munte, 1994; Mangun, Hopfinger, Kussmaul, Fletcher, & Heinze, 1997;
Hopfinger & Mangun, 1998; Mangun & Hillyard, 1991; Vogel & Luck, 2000). The Pl is a
positive deflection peaking 80-130ms post stimulus onset and generated in the occipital
cortex, and the N1 is a negative deflection composed of several subcomponents that peak
100-200ms post-stimulus. Appearing after these early sensory-driven compomeatelis
component appearing 250-500ms post-stimwldsch has also been found to be modulated
by attention. This higher order component, known as the P300, is interpreted asgethect
contextual updating of working memory (Donchin & Coles, 1988). The latency of the P300
is influenced by the level of difficulty that is required to categorizedwmore stimuli types
and is considered to reflect stimulus evaluation time (Donchin & Coles, 1988). The
amplitude of the P300 is modulated by the probability of a stimulus type. Moreicpgif
rare items increase the amplitude of the P300, as compared to common items (Donchin &
Coles, 1988). The amplitude of the P300 is also reduced for unattended stimuli (Mangun &
Hillyard, 1995). In summary, by examining which ERP components are influenced by
attention, the level of attention’s effect on that stimulus processing candoeithetd.
Modulations of the P1 and N1 reflect early effects on visual processing, wddiaélations of
the P300 reflect later higher-order stimulus processing effects.

In summary, attention has been found to affect both early visual processing (i.e. the
P1 and the N1) and later categorization processing (i.e. the P300) of visual stovaudr. T
knowledge, no previous studies have investigated how attention (as seen through
modulations of the P1, N1, and P300 to targets) is affected by memory at the neural level
Therefore, the goal of the current study was to examine the neural effewtsnoiry and

memory context on attention through the use of ERPs. First, a pilot behavioral study

15



(Experiment 5) was conducted to determine the stimulus presentation catesfyacifically,
the optimal stimulus onset asynchrony between stimuli) in which the effetismbry on
attention are largest. Then, the resulting stimulus rate was utilized in tge des
Experiment 6. Importantly, Experiment 6 employed event-related poteintiatder to

examine the neural effects of memory on attention.
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CHAPTER 3

PART 1: METHODS & RESULTS

Experiment 2

Experiment 1 revealed new evidence that the memory-status of an iteta affec
attentional dwell time; specifically, that the AB is extended when Tlawasw” item as
compared to an “old” item. The goal of Experiment 2 was to minimize any potdfdiake
seen in Experiment 1 related to differences in the time required to genanage for “old”
versus “new” items. This was accomplished through the use of abstract line-crawhich

were designed to limit verbal processing (Please see examples below).

Example Stimuli:

Experiment 1 Experiment 2

Participants
Seventeen undergraduates, ages 18-20 (13 female) and with 20/20 or corrected to
20/20 vision, from the University of North Carolina at Chapel Hill participateddarse

credit.



Materials & Procedure

Participants first completed three blocks of encoding. For stimuli, abshapes
were extracted from a set of line-drawings designed by Slotnick andt&c(2004) to limit
verbal processing. Participants were instructed to study each Iwexdr@verage size 7.9°
X 7.9°) in preparation for a later memory test. The stimuli were preseméeat @ time, and
each block was self-paced. Thirty-six objects were studied; thirty of whech used in the
subsequent AB trials (the same thirty for all subjects).

The AB trials were similar to Experiment 1, but with a few differencegeélto the
change in stimuli. Like Experiment 1, new items were considered memaneadue among
old distractors. Unlike Experiment 1, the stimuli used were not line-drawingsrohon
items, but were instead abstract line-drawings with colored internal Tihesnon-target
stimuli were all old (previously studied) pictures, with a black background; T1 anddT2 ha
gray backgrounds. T1 was equally likely to be an old or new item, and it appeared randomly
at serial position 4 or 5. T2 consisted of only old items, and it randomly appeared 1, 2, or 3
positions after T1 (i.e., lag 1, 2, or 3). There were 10 items per stream, and eaehvpast
displayed for 176ms with an ISI of 52ms (an increase as compared to Experimegitecto r
the increased stimulus processes difficulty of abstract items). Dueitacthased duration
and inclusion of an ISl, the lags here are not temporally equivalent to those in Exqelrim
Additionally, the original identification task used in Experiment 1 was no longercapfdi
and was replaced with tasks that were not dependent on naming. Specificallgrat tie
each trial, participants made an old/new response to T1 and matched the colar af T2 t
color on a 3x3 grid of color patches. There were 24 trials of each combination ofynemor

status and lag. Following the AB task, participants completed a recognitioarynest.
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Specifically, participants were asked to judge whether or not they haddstugarticular

item during the encoding phase.

Results

A two-way ANOVA was performed on T2 accuracy with the factors of T1 mgmor
status (old T1 or new T1) and lag (2, 3, or 4). Only trials in which T1 was correctly igentif
were included. For T2, the ANOVA revealed significant main effects of bethary-status
[new: 0.585; old: 0.54%(1,16)=11.907p=0.003] and lag [lag 1: 0.424; lag 2: 0.593; lag 3:
0.664;F(2,32)=17.176p<0.001], and an interaction between memory-status and lag that
approached significance. Paired t-tests were also conducted on T2 acogracyre
corrected for multiple comparisons using the Benjamini & Hochberg (B-Hegaon
procedure (1995). At Lag 1, T2 accuracy was significantly worse for “riévtriéls
(M=0.358;9D=0.238) compared to “old T1” trial$4=0.433;9D=0.206) {(16)=2.140,
p=0.024). This same significant effect was present, and was even larger,2af*hagy T1"
trials: M=0.482,5D=0.257; “old T1" trials:M=0.616,SD=0.194,1(16)=3.520p=0.001). At
Lag 3, there were no longer any significant different@$)=1.026 p=0.160) in T2
accuracy between “old T1” trial$/0.668;SD=0.226), and “new T1” triald{=0.636;
SD=0.247). Despite the change in the stimuli and tasks, the findings of Experiment 2
replicated the key finding of Experiment 1: the AB was extended when T1 wasvatem”

as compared to an “old item” when the memory context was “old items” (Figure 2).

19



FIGURE 2: T2 Accuracy (Experiment 2)
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Mean T1 accuracy was 77.9% with no significant effect of memory-status
[F(1,16)=1.692p=0.212]. A significant main effect of lag was fourt€(2,32)=7.770,
p=0.002], as was a significant interaction between memory-status arte(2a82)=7.439,
p=0.002]. However, paired t-tests revealed no significant differences in T1 acbetacen
“old T1” and “new T1” at any lag. [Lag 1(16)=-1.89,=0.039, not significant when
corrected for multiple comparisons; Lagt@:6)=-0.410p=0.344; Lag 3t(16)=-1.301,
p=0.1086].

After the AB task, participants completed a recognition memory testiglesi
objects (one-fourth new; one-fourth encountered in only the encoding phase; one-fourth
encountered in the encoding and AB phases; one-fourth encountered only during the AB

phase). Participants were asked whether or not they had studied the item duniogdiege
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phase. Overall, participants correctly judged 90.2% of the studied items asdstudth no
differences between items seen or not seen in the AB phase. [Studiet/1©01902
(SD=0.196); Studied & used in AB phad¢:=0.902(SD=0.167);t(16)=0.000p=1.000]. In
addition, participants were highly accurate on judging items that were new atUtiet”

(M=0.902;SD=0.166).

Discussion

The goal of this experiment was to remove any possible effects pre&amanment
1 that may have been related to differences in the time to generate naoids/éysus new
items. This was accomplished by replacing the stimuli used in the ongireadigm (line-
drawings of items) with abstract stimuli designed to limit verbal pratgsBiespite the
change in stimuli, the results of Experiment 2 replicated the findings of ihgyerl (longer
AB following new items, when context is old), suggesting that the observed findargs

not confounded by naming effects.

Experiment 3

The results of Experiments 1 and 2 suggest that new items may hold attention longer
because they've never been viewed before. However, the new item also had a unique
memory-status relative to the ongoing context, as all the distractor®ldeii® test whether
it was the newness of the item or the memorial uniqueness that caused thecpréiBaate
conducted a third experiment in which the memory context was reversed gynest
items (never before seen) as distractors instead of old items. Thus, “old” Elsomer

unique relative to ongoing context, contrary to Experiments 1 and 2 where “new'weras
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unique. If the attentional effects observed in Experiments 1 and 2 were soletytdee t
“newness” of T1, then the memorial context should have no effect, and new items should
again produce a protracted AB. However, if these effects are dependent on theainemori
context, then Experiment 3 should display opposite results from Experiments 1 and 2 —

specifically, old T1's should cause a longer AB compared to new T1’s.

Participants
Sixteen undergraduate students, ages 18-20 (10 female), from the Unipfelstyh
Carolina at Chapel Hill participated. Each participant had 20/20 or corrected to 20320 vis

and received course credit as compensation.

Materials & Procedure
Stimuli and procedures were the same as in Experiment 2, except that the memory-
status of the nontarget distractors and T2 was “new” instead of “old.” Dineyébld” items

were considered unique among “new” distractors.

Results

A two-way ANOVA and paired t-tests were conducted on T2 accuracy, as in
Experiments 1 and 2. Only trials in which the T1 task was dbyreempleted were included.
The ANOVA revealed significant main effects of both memory-status gnd Zaaccuracy
was significantly reduced when T1 was an old item, compared to a new iterQ.488;
new: 0.578(1,15)=12.516p=0.003], and T2 accuracy increased with increasing lag [lag 1:

0.464; lag 2: 0.501; lag 3: 0.626(2,30)=7.331p=0.003]. Finally, there was a significant
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interaction between memory-status and B@[30)=3.658p=0.038]. Paired t-tests were
again corrected for multiple comparisons using the B-H correction procdd®®)( At Lag

1, T2 accuracy was significantly worse for “old T1” triadi$=50.399;SD=0.176) versus “new
T1” trials (M=0.514;3D=0.154) {(15)=-3.46,p=0.002). This difference was also significant,
and even larger, at Lag 2 (“old T1” tria=0.473;9D=0.267; “new T1” trialsM=0.627;
SD=0.150;t(15)=-3.62,0=0.001). At Lag 3, T2 accuracy was no longer differgdb)=-
0.162,p=0.437) between “old T1"M=0.589;3=0.240), and “new T1" trials(=0.597;

SD=0.237) (Figure 3).

FIGURE 3: T2 Accuracy (Experiment 3)
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SOA = stimulus onset asynchrony between T1 and T2
* denotes significance after B-H correction for multiple comparigBasjamini & Hochberg, 1995).

Mean T1 accuracy was 83.2% with a significant effect of memory-status (n@v2;

old: 0.798;F(1,15)=21.152p<0.001]. No significant main effect of lag was found [lag 1:
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0.790; lag 2: 0.799; lag 3: 0.808(2,30)=0.370p=0.694], and no interaction between
memory-status and lag was fourgZ,30)=0.596p=0.558].

In the memory test, participants correctly judged 94.8% of the studied items as
“studied,” and the additional exposure during the AB phase made no difference [Studied
Only: M=0.9278D=0.149); Studied & used in AB pha3¢=0.969(SD=0.067);t(15)=-
1.000,p=0.333]. In addition, participants correctly judged 93.8% of items that were new or
seen only during the AB phase as “not studied,” with no differences between “egw” it
(M=0.906;9D=0.211) and those seen only during the AB phade((969;3D=0.067);
t(15)=1.103p=0.287)]. Thus, the initial encoding, not the subsequent exposure during the

AB task, was the critical factor in establishing these memories.

Discussion

In direct contrast to Experiments 1 and 2, the current experiment found that the AB
was extended when T1 was an “old item” as compared to a “new item.” Tqogbtse data
provide strong evidence that the effects of memory on attention here ardioall\cri
dependent on the particular memory-status of an item (old or new), but rather on the
memorial uniqueness of an item relative to ongoing context. Overall, the i@sults
Experiments 1, 2, and 3 provide new evidence for an aspect of attention that has not been
well understood - the influence of item-memory on attentional allocation. Wehereaous
work has emphasized the role of item-memory strength alone, the experimersisguast
that a broader view that also accounts for an item’s memorial context magdssany.

The findings of Experiments 1-3 suggest that memorial context is driving theadffec

memory on attention seen here. However, these experiments do not rule out one other
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possible explanation: perhaps the effect here is driven by the relation betivaed T2
(memory priming), as opposed to the relation between T1 and the distractors (i.etymem
context). To directly address this alternate explanation, we conducted Espedito test
whether our effects are driven by the ongoing memorial context set up bytthetdrs or

by a mismatch between the memory-status of T1 and T2.

Experiment 4

This experiment was identical to Experiment 3 (wherein distractors 2meie
always “new”), except that here T2 was always “old,” and thus never matcheidttiaetors.
If the attentional effects observed in Experiments 1-3 were due to the memnteytof the
distractor stream, then in the present experiment, “old T1's” (being menarniddue
relative to the distractors) should produce a protracted AB even though they meatch t
memory-status of T2 (“old” T1; “old” T2). However, if our previous effects are midge on
the memorial similarity between T1 and T2, then a longer blink should be produced here

when T1 and T2 do not match (“new” T1; “old” T2).

Participants

Twenty-four undergraduate students, ages 18-20 (17 female), from the Wyiekers
North Carolina were recruited. One participant was excluded due to an appareit lack o
encoding of the studied items (performance was at chance for identifyingdstigans as
“old” and near chance for identifying unstudied items as “new”). Each partidipari20/20

or corrected to 20/20 vision and received course credit as compensation.
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Materials & Procedure
Stimuli and procedures were the same as in Experiment 3 (e.g., “new’tdistyac

except that the memory-status of T2 was always “old.”

Results & Discussion

A two-way ANOVA and paired t-tests were conducted on T2 accuracy (@ts tri
wherein T1 was correctly identified). No main effect of memory-statudauasl new:
0.579; old: 0.550F(1,22)=1.870p=0.185, but there was a significant main effect of lag [lag
1: 0.510; lag 2: 0.571; lag 3: 0.6132,44)=6.412p=0.004], and the interaction between
memory-status and lag approached significak€2,44)=2.503p=0.093]. Paired t-tests
were again corrected for multiple comparisons using the B-H correctopdgure. At Lag 1,
there was no difference between T2 accuracy for “old T1” tiM0(517;SD=0.156)
versus “new T1” trialsN1=0.504;SD=0.194) ((22)=0.415p=0.341). However, there was a
significant difference between “old” and “new” T1 trials at Lag 2 (“old Wrials: M=0.527,
D=0.173; “new T1” trialsM=0.615;SD=0.149;t(22)=-2.23,p=0.018). At Lag 3, T2
accuracy was no longer differem2)=-0.397 p=0.348) between “old T1"M=0.607;
SD=0.144), and “new T1” trialsM=0.620;3D=0.127). Overall, an extended blink was
found when T1 was “old” among “new” distractors, despite the fact that “old” TListim
matched the memory-status of the T2 stimuli (i.e., “old”). If the observedstiad been
due to the relationship between T1 and T2, then “new T1's” (being memoriallyediffer
from “old T2's”) should have produced a longer blink. However, memorially unique targets

(“old T1's”) led to a protracted blink here, providing further evidence that theteffec
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observed in the present set of experiments are driven by memory context ({tbestaia
between T1 and the distractors) and not by memory priming between T1 and T2 (the

relationship between T1 and T2) (Figure 4).

FIGURE 4: T2 Accuracy (Experiment 4)
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Mean T1 accuracy was 78.8% with a significant effect of memory-status (n@3v;
old: 0.738;F(1,22)=12.847p=0.002]. No significant main effect of lag was found [lag 1:
0.796; lag 2: 0.770; lag 3: 0.798(2,44)=1.747p=0.186, n.s.]. A significant interaction
between memory-status and lag was fouf(@,A4)=14.664p<0.001]; however, this
interaction on T1 responses does not seem related to the T2 effect, since teaised t-
revealed that this interaction @1 responses was driven by the lack of an effectlag) 1

trials (old T1”:M=0.798;SD=0.116; “new T1":M=0.794;SD=0.154:1(22)=0.149p=0.441),
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whereas the memory context effectThresponses occurred at a different lag (i.e. tag 2
trials).

For the recognition memory test, participants correctly judged 95.3% of thedstudie
items as “studied,” and the additional exposure during the AB phase made no difference
[Studied Only:M=0.927@D=0.131); Studied & used in AB phad¢=0.978(SD=0.057);
t(22)=-2.07 p=0.024, n.s. with B-H correction]. In addition, participants correctly judged
91.3% of items that were new or seen only during the AB phase as “not studied,” with no
differences between “new” item®€0.913;SD=0.132) and those seen only during the AB

phase [{1=0.902:SD=0.206):t(22)=0.157 p=0.438)].

Overall, the goals of Part 1 were accomplished:

l. Experiment 2 replicated the key finding of Experiment 1, finding that the AB was
extended when T1 was a “new item” as compared to an “old item” (when the
memory context was “old items” ). Because Experiment 2 utilized abstrect |
drawings that minimize verbal processing, it was concluded that the reserts
in Experiment 1 were not due to differences in the time required to generate
names for “old” versus “new” items.

Il. Contrary to Experiments 1 and 2, Experiment 3 demonstrated that the AB was
protracted when T1 was an “old item” as compared to a “new item.” This was
accomplished by reversing the memory context originally seen in Expesirhent
and 2. Based on this finding, it was concluded that it was not the newness of an

item, but rather the memory uniqueness the item (an old item among new
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distractors or a new item among old distractors) that significanthgased
attentional dwell time as measured by an extended AB.

lll. Experiment 4 provided direct evidence that the effects of memory on attention
observed here (an increased AB following memorial unique) was indeed driven

by memorial context, and not by memorial priming between T1 and T2.

In summary, Part 1 of this study provided new evidence for an aspect of attention tha
has not been well understood - the influence of item-memory on attentional alotiging
the AB paradigm, we found that a T1 unique in memory-status (an old item among new
distractors or a new item among old distractors) increased the duration d&B.th&ia effect
was not dependent on the memory-status of T1 alone or on the relationship between T1 and
T2, but was dependant on the memorial context (i.e., memory-status of surrounding
distractors) (Parks & Hopfinger, 2008). One further consideration concerns winether
effect found here is specific to “memorial uniqueness,” or if it might agpény general
category difference, or in other words, any broad “uniqueness” unrelated to memory.
However, the results of Part 1 (specifically, Experiment 4 of Part 1) in corgarnwiih
another recent AB study suggest that the effect found here is indeedcspeatiémory. This
study by Juola and colleagues (2004) parallels our current Experiment 4.0thsemuli
varied in memory-status, those of Juola et al differed in their over-tbgareeral categories
(i.e., numbers and letters). Like our Experiment 4, the category of T1 was madgolae
similar or different from the distractors, and the T2 category was alwiigsedt from the
distractors. Critically, their results found that tiee-unique T1 led to an increased AB,

whereas a unique T1 did not produce an AB (i.e., flat function across lags). Agaimdyur st
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found the opposite pattern: tbeique T1 item produced an extended AB as compared to a
non-unique item. Though these two studies were conducted for different purposes and
utilized different timing, a comparison of these results suggests that tbts effenemory

(as seen in our experiments) seem to be distinct from those of general eatégogeen by
Juola et al). In conclusion, our results provide a first step in establishingethatnémory
uniqueness, determined through the interaction of item-memory strength and tempora

memory context, plays a significant role in the temporal allocation of iattent
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CHAPTER 4
PART 2: METHODS & RESULTS

Part 1 used behavioral methods to examine the effects of memory and memory
context on attention. However, little is known concerning the neural underpinnings of these
effects. The goal of Part 2 was to investigate the neural effectsnodrpeand particularly
memory context, on attention using a modified cuing paradigm. In Experiments 5 and 6, 25%
of the pictures were “old”, and 75% were “new”. Thus, “old” items were uniquiévesta
the ongoing context. This particular memory context (where old items were JLnigsie
selected to promote maximal dissociation between the parietal old/newaaftethe later
memory context effects.

First, a behavioral study (Experiment 5) was conducted to determine thaloptim
temporal range (specifically, the stimulus onset asynchrony betwegmardéargets) in
which memory'’s influence on attention was the largest. Once this time period was
established, it was subsequently used (with modification, as will be discuseg cinng
paradigm of Experiment 6, which additionally utilized event-related potenitialsis phase,
a memorial context was established by centrally-located pictoesl (¢.e. memory context =
new, when 75% of the cues are novel) as an unrelated attention task was perfaheed

periphery.



Experiment 5
Participants

Eight undergraduate students (5 female and 3 male) from the University bf Nort
Carolina at Chapel Hill were recruited to participate. Each panitiped 20/20 or corrected

to 20/20 vision and was compensated with course credit.

Materials & Procedure

Before performing the experimental task, participants completed tloeleskdf
“encoding” in which they made judgments about isolated objects. The stimuli no longer
consisted of abstract line-drawings as in Experiments 2, 3, and 4 of Part 1 (A )sthdi
rather consisted of black and white line-drawings of objects similar to tiseskin
Experiment 1. In Experiments 2, 3, and 4, object stimuli were not used in order to remove
any potential confound related to naming effects. However, these experimentshiaund t
naming effects were not driving the observed attentional effects. Becauseditdiposf
naming effects was discounted, and because line-drawings of actual otl)ecenily lead to
stronger memory traces, Experiment 5 (and 6) utilized pictorial objeutlsas opposed to
abstract line-drawings. Specifically, picture stimuli were bkao# white line-drawings of
common items extracted from various libraries, including 174 from the library ofyBassd
and Vanderwart (1980). Several other sources were utilized to supplement theaSsaadg
Vanderwart set, however, all were comparable in style and were normedddrasecture-
naming(Szekely, D'Amico, Devescovi, Federmeier, Herron, lyer, Jacobsen, Arévalo,

Vargha, & Bates, E., 2005). The full set of pictures included over 384 line-drawinkysrwi
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average size of 8° x 8°. Target stimuli consisted of black and white, checkerbandgah
vertically-oriented rectangles.

In a sound attenuated room, participants viewed the stimuli on a 17-inch computer
monitor. A commercial software package (“Presentation”; NeurobehaBgsa¢ms; San
Francisco, CA) was used to present stimuli and record responses. The stimylresented
one at a time and in a random order, for 1000 msec each, separated by a 2000 msec
interstimulus interval. Each encoding block required participants to make &uliffer
judgment about the pictures: (1) “Is the object heavy or light?” (2) “Does thet blejeag
inside or outside?” (3) “Do you own the object?”. Thirty-eight objects were studibdsi
way: thirty-two of which were used in the subsequent test phase of experingesaifte
thirty-two for all subjects).

After completing the encoding blocks, participants performed a continuous
performance task (Please see figure below.). Participants wersetbtpuimaintain fixation
upon a centrally located cross throughout each block of trials. The background display
consisted of a central fixation cross and two light gray square outline boxdscatael in
the upper left visual field, and the other located in the upper right visual field. The non
predictive cue stimulus consisted of a black and white line-drawing prese¢tiediaation
cross, and its duration varied randomly between 250-450ms and 1350-1550ms, with no inter-
stimulus interval. The cue stimulus was either an “old” (previously studiedy@iot a
“new” (never before seen) picture. The ratio of old:new items presented.8&agnemory
context = new). Targets appeared for 100ms, centered within one of the péopHara
boxes. There were an equal number of targets in the left outline box and the rightomxline

Again, all cue displays were non-predictive of upcoming targets. Partisip@ne asked to
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judge the side of the screen on which the target appeared (One button for left-hamdl side
another button for right-hand side). Participants were instructed to respond tg¢hasa
quickly as possible without sacrificing accuracy. (Note: originally aridiscation task was
utilized in which participants had to judge whether a peripheral checkerbosireertigal or
horizontal in orientation. However, pilot studies found no significant effects whetashis
was use; therefore, this task was replaced with a localization task.)p&#cipant
completed a practice block, followed by 6 blocks of 64 trials each, for a total ofi@84 tr
Each block included a rest break at its midpoint.

DESIGN: EXPERIMENT 5

[

Cue: 250-450ms or
1350-1550ms

Target: 100ms

Results & Discussion

Participants identified 98.4% of cues as having the correct memory-stat @S (@%o;
new 98.5%), and 99.3% of targets as occurring at the correct location (tatigetsty old
cues: 99.3%; targets following new cues: 99.3%). A two-way ANOVA waspeed on the

accuracy to the targets with the factors of memory-status (target éollowan old cue or a
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new cue) and visual field (left or right). The ANOVA revealed no sigaifienain effect of
memory-statusH(1,7)=0.005p=0.944], and no significant effect of visual field
[F(1,8)=0.451p=0.523]. The interaction between memory-status and visual field did not
approach significancd-[1,13)=0.020p=0.892].

A two-way ANOVA was also performed on reaction times to the target with the
factors of memory-status (targets followed by an old cue or a new ai&h (250-450 or
1350-1550). Only trials in which both the cue and the target task were correptiynded to
were included in the analyses. The ANOVA revealed a significant ma&ict &f memory-
status [targets following old cue: 361.3; targets following new cues: 36@.1,)=6.180,
p=0.042], as participants responded to targets more quickly when they were preceded by old
cues as compared to new cues (Figure 5). This suggests that attention wasshajdbld
memorially unique items. In addition, there was also a significant mairt effSOA [SOA
250-450: 371.2; SOA 1350-1550: 358%1,7)=6.908p=0.034], as participants responded
to targets more quickly when the cue-to-target SOA was longer. The irgeraetween
memory-status and SOA did not approach significaR¢e, 7)=0.026p=0.878]. Because
there was no interaction between memory and SOA, we chose to use both SOAs in a
following pilot ERP experiment (mentioned above). However, this experiment (wlich di
not include a cue task and is not included in this thesis) revealed few to none of thedexpecte
neural results. Upon inspection of the data, it appeared that the signal-to-tioig@asanot
strong enough and that more trials would be needed to better interpret the dataidn, addit
we became concerned that the lack of a cue task may have led to the niglifeffied in this
pilot experiment. Therefore, we chose to run a second ERP study (Experimeng&)nlgi

one SOA,; thus, doubling the number of trials in the experiment and increasing thcsigna
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noise ratio. Also, we added a cue task which forced participants to verballthstat

memory-status of the memorial cue.

FIGURE 5: Reaction Timesto Targets (Experiment 5)

Experiment 5. Memory context = New

375 &
~
- ~

o = i f.olllllosv:ing
E \‘ ~ - Old Cues
E i T = --m - Targeis
= -, following
S 160 [ ] New Cues
k= T
o
@
[

355 \

345

250-450 1350-1550

Stimulus Onset Asynchrony (ms)

After the cuing task, participants completed a recognition memory teshfpe si
objects (one-fourth new; one-fourth encountered in only the encoding phase; one-fourth
encountered in the encoding and cuing phase; one-fourth encountered only during the cuing
phase). Participants were asked whether or not they had studied the item dunmogtiege
phase. Overall, participants correctly judged 100% of the studied items agdstudih no
differences between items seen or not seen in the AB phase. [Studiet©hl§0
(SD=0.000); Studied & used in cuing phadés1.000(SD=0.000);t(7)=0.000,0=1.000]. In
addition, participants were highly accurate on judging items that were new atUtiet”
(M=96.296;9D=7.349). These results suggest that the studied items were indeed deeply

encoded by the participants.
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Experiment 6

In Experiment 5 (and several pilot studies), participants were not requiregpdéodes
to the memorial cue in any way, as we were interested in the automatitigy effects of
memory on attention. Following Experiment 5, we ran a pilot ERP experiment whsch wa
identical to the current Experiment 6, except that it did not include a memory k\anéds
had one additional SOA range). This pilot experiment revealed no effects of memory on
attention at the neural level. Therefore, the design for Experiment 6 wafsethaaiwo
ways: (1) a task which required recognition of the memory-status of theasuadded, and
(2) only one SOA range was used (1350-1550ms) to increase the signaletoatioisFor
further explanation, please see the Results section of Experiment 5. Betussilig the
methodological details of Experiment 6, the predicted ERP effects to the rakocoas and

the peripheral targets will be discussed below.

Hypotheses: Early Visual Components
Viewing the memorial cues will elicit early visual ERP components ssitheaP1
and the N1; however, it is hypothesized that there will be no differences in phicudes
and latencies between “old” cues and “new” cues, as no memory-relaets ¢éidve been
found at this level of processing (around 100ms post-stimulus onset) (i.e. Woodruff,&jlayam

& Rugg, 2006).

1) The Parietal old/new effect: As compared to new items, “old” items (that were deeply
encoding during the study phase of the experiment) should produce a large positivity

at parietal electrode sites around 500-800ms, replicating the parietal okffeety
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2)

3)

The presence of this effect would provide evidence that successful reoaHégtien
recognition of these items had occurred during the cuing phase of the experiment.
Behavioral measures should parallel this ERP result, finding that “olds iéeen

correctly judged as being “previously studied” in an RKN memory test.

The Early Context effect: As compared to new (memorially non-unique) items, old
(memorially unigue items) should produce a greater positivity around 800-1100ms,
replicating the early context effect found by Herron and colleagues. mdiadi

might suggest that participants successfully maintained or updated a repicasehta
the structure of the list, or in other words, that some sort of neural processing of the

memorial context occurred.

The Late Context effect: As compared to new (memorially non-unique) items, old
(memorially unique items) should produce a greater negativity around 1200-1600ms,
replicating the late context effect also found by Herron and colleaggas,Ahis

would suggest that neural processing of the memaorial context did take place. How (or
if) this effect differs from the early context effect remains uncleahe current

paradigm, finding one context effect, but not the other (i.e. finding the early, but not
the late; or the late, but not the early), may help to further differentiatartbigons

related to these ERP components.
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Hypotheses: Predicted Behavioral & Neural Effects of Memory on Attention

Please note: previous results have demonstrated that the amplitude of the N1 is not
influenced by attention during localization tasks, but is during discrimination (@sks
Mangun & Hillyard, 1991; Vogel & Luck, 2000). Because our paradigm utilized a
localization task, we do not expect to find any attentional effects (as modulateshioyry)

on the N1, and thus, the N1 is not discussed below.

1) Early Visual Processing (the P1): If memorially unique (in this case, old) items hold
attention longer than the non-unique items (as was demonstrated in the AB studies)
then there will be a decrement in behavioral performance in the target task.
Specifically, reaction times to targets following memorially uniquasteas
compared to non-unique items, will increase. In other words, the increased hold of
attention on the unique item will cause participants to respond slower to following
targets. Because the task related to the target will be a simple looaliza. Did the
target appear on the left or on the right side of the screen?), we do not expect to see
any significant differences in accuracy between targets following oftiyerew
items. At the neural level, the decrement in behavioral (reaction time) parfoem
would be manifested as reductions in early visual processing of the tpesticslly,
decreased amplitudes in the P1 to targets preceded by memorially uniquesitems a
compared to targets preceded by new memorially non-unique items. Such a finding
would suggest that memorial unique items hold attention at the same level as

voluntary and involuntary attention (i.e. at the P1).
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In contrast, if memorially unique items (“old” in this case) do not hold
attention in this paradigm (as occurred in Experiment 5), then reaction timegets tar
following memorially unique items will decrease as compared to reaati@s tio
targets following new memorially non-unique items. In other words, there will be an
enhancement in behavioral target performance to targets following unique (“old”)
items (as indexed by reaction time measurements, but not accuracy megs)yelt
is hypothesized that such a behavioral effect would be accompanied with an
enhancement of neural target processing. More specifically, we would expect to f
increased amplitudes in the P1 to targets preceded by unique items as compared to
targets preceded by common items. This result would provide evidence against the
notion that attention is being held on memorial unique items irp#nedigm. Instead,
it would suggest that attention is more quickly disengaged from memorially unique

items.

2) Later Context Updating (the P300): It remains unclear how memory’s effect on
attention will be reflected in the P300 to targets because all of the tamgets
equally salient and probable, despite being temporally linked to cues of variable
salience and probability. Whether the salience and probability of the cliég wil

linked to the following targets is unknown.

Participants
Nineteen (9 females and 10 males) undergraduate students from the tynofersi

North Carolina at Chapel Hill were recruited to participate. Fiveqypaints were excluded
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from data analysis due to excess movements, blinks, or other artifacts. Eaipapanvas
required to have 20/20 or corrected to 20/20 vision and no known neurological problems.
Additionally, all participants were right handed. Each participant wias$3.00 as

compensation.

Materials & Procedure

Materials and procedures were identical to those used in Experiment 5, batépj t
participants also performed an old/new judgment on the cue item, and (2) theghi@sent
timing of the stimuli was altered. In addition, ERPs were recorded asijpants performed
the test phase of the experiment.

After completing the encoding blocks, participants performed a continuous
performance task (Please see figure below.). Participants werestetpumaintain fixation
upon a centrally located cross throughout each block of trials. The background display
consisted of a central fixation cross and two light gray square outline boxes, ded loca
the upper left visual field, and the other located in the upper right visual field. The non-
predictive cue stimulus consisted of a black and white line-drawing presetiediaation
cross for 300ms. The cue stimulus was either an “old” (previously studied) picture or a
“new” (never before seen) picture. The ratio of old:new items presented.8&&ld-unique
condition). The stimulus onset asynchrony (SOA) between cue and targetraadedly
between 1350-1550ms. Targets appeared for 100ms, centered within one of the peripheral
outline boxes. There were an equal number of targets in the left outline box and the right
outline box. All cue displays were non-predictive of upcoming targets. Pantisipere first

asked to judge whether the central picture was old or new, and to hold their response until
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further prompted. While remembering the memory-status of the cue, a pdriphgea
appeared, and participants judged the side of the screen on which the targetigpeare
button for left-hand side and another button for right-hand side). Participants weretats
to respond to the target as quickly as possible without sacrificing accuragyresponding
to the target location, participants then responded as to whether the previous Qietaras
“old” (previously studied) or “new” (never before seen). In contrast to thettéask, the
response to the cue was not speeded. Each participant completed a practice lolaek] fol
by 6 blocks of 64 trials each, for a total of 384 trials. Each block included a rest bitsak a
midpoint.

DESIGN: EXPERIMENT 6

25 % Old
75 % New
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Recording & Analysis

EEG was recorded through the Active-Two Biosemi system from 96 electtesle si
amplified at a bandpass of 0.01-100 Hz, and digitized at 256 samples per second. Eye
movements were observed throughout all runs via a closed-circuit infrared vide@cand

the electrooculogram was recorded by electrodes located beneath both epgsrahid the
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outer canthus of each eye. All trials containing eye-movements or blinksejested off-
line and were not included in the analysis. Using the program Brain Ele&dugate
Imaging (BESA), EEG data was averaged to create ERPs, and the d&davypass filtered
to remove high frequency noise and high pass filtered with a single-pole fikeistd
reduce low frequency drifts. The resulting ERP waveforms were theag@eeacross
subjects referenced to the average signal from the electrodes locatedefinathe right

mastoids.

Behavioral Results: the memorial cues

During the cuing phase of the experiment, participants identified 97.1% ofgues a
having the correct memory-status (old: 95.9%; new: 98.2%). In the recognition masiory
after the cuing phase, participants correctly judged 98.2% of the studnedaige"studied,”
with no differences between items seen or not seen in the AB phase. [StudiemM€hB76
(SD=6.052); Studied & used in cuing phabé:.988(SD=4.454);t(13)=-1.000p=0.336]. In
addition, participants were highly accurate on judging items that were new asUtiet”
(M=92.857;9D=10.770). These results, along with the high accuracy seen in memory task
during the cuing phase, suggest that the studied items were indeed deeply encoded by the

participants.

ERP Results: the memorial cues
ERPs to the central memorial cue were examined for neural evidenceof dee
semantic encoding of the cue, and for memorial context updating of the cue witlastthe t

list. If participants deeply encoded the previously studied items (as wadéadethe
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behavioral results), then the parietal old/new effect to these “old” itelnisenpresent. More
specifically, the ERPs to previously studied items will be more positive thd&fRRs to

novel items beginning around 500ms in left parietal electrode sites. Furibantjcfpants

were updating the memorial context of the test item, as indexed by therehlteacontext

effect, then ERPs to the memorially unique cue (in this case, “old” items) around 800

1100ms should be more positive (the early context effect) and around 1100-1550ms should
be more negative (the late context effect). No effects should be seen at thg E&#or
components of these cues (around 100-200ms), as memory has not been found to affect such
early stages of visual processing.

Analyses were conducted on the mean voltage amplitudes of the parietal old/new
effect (523-542ms) and the late context effect (1100-1300ms) evoked by the meorial
using a repeated-measures ANOVA. No early context effect was fanddhus, no
statistical analysis was performed between 800 and 1100ms. Factors includeq/+siatus

(old cue vs. new cue) and electrode.

The parietal old/new effect. Between 523 and 542ms after cue onset, a significant
main effect of memory-status was fourd1,13)= 500.970p < 0.001], as the old cues had a
significantly larger parietal old/new effect as compared to the new chissfifiding
replicated the parietal old/new effect and demonstrates that the oldveeendeed
recognized as previously studied at the neural level. There were no mais effelectrode
[F(2,26)= 2.895p = 0.073] (Please see Figure 6 for the exact electrodes selected for

analysis.).
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FIGURE 6: ERPsto Memorial Cues, the parietal old/new
effect

The late context effect. In addition, analysis at the later time range (1100-1300ms)
provided evidence that memorial context was maintained or updated at the neuraklevel
there was a significant effect of memory at this time rak¢k 13)=15.681p =0.002].

Specifically, memorially unique items (in this case, old items) evoked aisagrilfy more

negative waveform between 1100 and 1300ms after stimulus onset as compared to the non-
unique new items. There was also a significant effect of electrotiee e context effect

was stronger for left-central electrodes as compared tcetiteat electrodeH(2,26)= 96.637,

p <0.001] (Please see Figure 7 for the exact electrodes selected foisanalys
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FIGURE 7: ERPsto Memorial Cues, the late context effect

B Oldcue
B Newcue AQZ?

All

Unlike the late context effect found by Herron and colleagues (which peaked at lef
prefrontal electrode sites), the late context effect found here peakautrat parietal
electrodes sites, suggesting that the neural generator of this effelettively deep under the
cortical surface or that some sort of coordinated neural activation is ocaduring this
effect. Additionally, a distinction was also found between the current resulhasel of
Herron and colleagues. Specifically, the duration of the late context efisaiecreased in
the current experiment as compared to the effect found by Herron et al. This 6indurged
in the time window in which the onset of the target stimulus occurred. Because thbystudy
Herron et al did not contain any target stimuli, this may suggest that genpeeof a target
(or any other additional stimulus) may attenuate the late context effettteFresearch
manipulating the timing and presence of an interfering target is needewifitoncthis

hypothesis.
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Discussion: the memorial cues

In summary, the analysis of the ERPs to the memorial cue suggests thaintbig/me
status of the cue (as indexed by the parietal old/new effect) and the mezootedt of the
item list (as indexed by the late context effect) were both procestesiraural level. While
the parietal old/new effect found here was very much in line with previous destsipfi
this ERP component, the late context effect found here was slightly dtfféi@ example,
the duration of the late context effect here was decreasasahgsared to Herron et al’s effect,
which suggests that the presence of the targets may have attenuatedngoelkedsd to
memorial context updating. In addition, it is currently unclear why no early daaftext
was found, but it is possible that its absence here was related to the preskaqeedpheral
target. Critically, the finding of a late context effect without amyezontext effect may
suggest that these two components are sensitive to different cognitivierisrarthave
different levels of susceptibility to interference. Further expartmmanipulating the
amount and timing of cue interference may help to dissociate the earlye@ondriggxt

effects.

Behavioral Results. the peripheral targets

During the cuing phase of the experiment, participants identified 99.5% dfstagge
occurring at the correct location. A two-way ANOVA was performed oncheracy to the
target with the factors of memory-status (target followed by an old cuaew aue) and
visual field (left or right). The ANOVA revealed no significant maifect of memory-status
[targets following old cue: 99.5%; targets following new cues: 99F%,13)=0.788,

p=0.391 ], and no significant effect of visual field [left: 99.7%; right: 99.4%4;,13)=0.000,
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p=0.999]. The interaction between memory-status and visual field did not approach
significance F(1,13)=0.071p=0.793].

A two-way ANOVA was performed on reaction times to the target with therfaof
memory-status (targets followed by an old cue or a new cue) and visudldfetat right).
Only trials in which both the cue and the target task were correctly respandeckt
included in the analyses. The ANOVA revealed a significant mainteffenemory-status
[targets following old cue: 363.336; targets following new cues: 384FH1813)=33.873,
p<0.001], but there was no significant effect of visual field [left: 370.808; right: 37;7.106
F(1,13)=0.499p=0.492]. The interaction between memory-status and visual field did not
approach significancd-[1,13)=0.731p=0.408]. Thus, like Experiment 5, participants
responded faster to targets following old, memorial unique cues, regardless of the side
which the target appeared.

Critically, these behavioral results suggest that attentiometdseld by the
memorially unique items (“old” here) in this experiment, as the reacti@stimtargets
following old memorially unique items was decreased as compared tne@oies to new
memorially non-unique items. In other words, an enhancement in behavioral target
performance to targets following old memorially unique items was found. (hdiad was
different from the findings of Part 1 of this thesis, which demonstrated that maéynor
unique items held attention as indexed by an extended. Why this difference might have
occurred will be addressed later in the discussion.) It was hypothesized that such a
behavioral effect would be accompanied by an enhancement of neural targetipgocess
following old unique items, as evidenced by increased amplitudes in the P1 to thetsedar

compared to targets preceded by new memorially non-unique items. Based on previous
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studies, we did not expect to see any effects on the N1 elicited by the taag#is.it was
unclear how memory’s effect on attention would be reflected in the P300 to targétsf as a
the targets were equally salient and probable, despite being tempokaly to cues of
variable salience and probability.

Before discussing the ERP results of Experiment 6, it is important to nofenthag
significant effects for reaction time measures does not necessgggs that significant
effects will also be seen at the level of ERPs. Several studies have tlatedndissociations
between behavioral and ERP effects (Ries & Hopfinger, 2005; Hopfingees,\2006). For
example, reaction time differences can be produced by multiple sources; ancomnttaey,
one ERP component can mask the effect of another ERP component, resulting in no apparent
behavioral effect. In relation to the current study, the decrease in reactototiargets
following old memorially unique cues may or may not reflect changes with the
corresponding ERP waveforms. However, investigations at the level of ERPs flcav

more clear understanding of the true mechanisms at work.

ERP Results & Discussion: the peripheral targets

ERPs to the peripheral targets were analyzed as a measure of attgmboessing.
In particular, we were interested in determining how the memory-stathis pféceding cue
would affect target processing. Analyses were conducted on the mean voligedas of
the P1 (133-143ms) and the P300 (245-265ms) evoked by the peripheral targets using a
repeated-measures ANOVA. Factors included memory-status (téoti@gng an old cue

vs. targets following a new cue), visual field (left vs. right), and elect{itidateral vs.
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more medial contralateral occipital locatioRS00: anterior vs. posterior). Electrodes

selected at the maxima of each ERP component can be seen in the Figures 9 and 10.

P1. Between 133ms and 143ms after target onset, a significant main effect of
memory-status was foun&(l,13)= 12.820p = 0.003], as the targets following old cues had
a significantly larger P1 as compared to the targets following nesv Thés finding provides
evidence that the attentional processing of targets was enhanceadédts tallowing
memorially unique old items as compared to targets following new memaraadhanique
cues. In addition, a significant effect of visual field was found as the P1 wasestfong
targets located on the left than for targets located on the Aghti3)=12.580p = 0.004]

(Figure 8).

FIGURE 8: ERPsto Peripheral Targets, the P1
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B Target following old cue
B Target following new cue

The P1 enhancement seen for some targets suggests that the memory itactsasay
orienting cues, which broadly shift attention to the upper visual field (wherertjatstare

known to appear). When the target appears, attention is already shiftea ¢leseadssible
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target locations; and thus, attention can affect target processing alysstagge of visual
processing (i.e. the P1). If attention was not already shifted near the @dasget locations
(in other words, if the memory item was not an effective orienting cue), tiegmiatt would
not be able to affect target processing at such an early stage of prgcass$imsg processing
would already be complete by the time attention was shifted to the tazggofo In
summary, the increased disengagement of attention on old memorially usigaeltowed
attention to be more quickly allocated to possible target locations, which then lely to ea
visual processing enhancements at the level of the target P1. If there waseplssible
target location, then we would expect this P1 enhancement effect to be eveadarge

attention could be easily shifted to the appropriate target location.

P300. Between 245 and 265ms post target onset, a significant main effect of memory-
status was found(1,13)= 10.611p = 0.006], as targets following old cues had a
significantly larger P300 as compared to the targets following new cuedditioa to the
effect of memory-status, a significant effect of visual field was foundeaB300 was
stronger for targets on the left than for targets on the rig{tit13)=20.033p = 0.001];
however, no significant interaction was found between visual field and memarg-stat
[F(2,26)=1.126p = 0.288]. Lastly, there was no significant effect of electrode
[F(2,26)=1.126p = 0.340], nor an interaction between visual field, memory, and electrode

[F(2,26)=0.448,p = 0.644] (Figure 9).
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FIGURE 9: ERPsto Peripheral Targets, the P300
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The above findings (in conjunction with the behavioral results) suggest that old
memorially unique cues allow for a faster disengagement of attenti@ci@ded hold of
attention), which then leads to an enhancement of early visual target processik (i.e
amplitude increases to target following old items). How this effectaseetito the P300
enhancement also seen for targets is unclear. Previous studies have found thalitiindea
of the P300 is increased for items that are less probable and for items ttatsadered
highly salient or ‘important’ to the task at hand (Donchin & Coles, 1988); however, the
targets here were of equal probably (for left versus right locations) and dsatjeace.
There are two possible mechanisms, a direct and an indirect mechanism, which could be
underlying the current ERP effect (increased P300 amplitudes for targmigrfg old
unique items). The direct mechanism suggests that each cue and target, beongltem
close, become directly paired as one cognitive event. Although the targeqsialig e

probable, the cue-target pairings are not. More specifically, targktwifad old cues are
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more rare than targets following new cues (or in other words, an “old-@et“tpairing is

more rare than a “new-cue-target” pairing); and thus, the P300 is largkederrare events

in which targets are linked to a rare cue. While this hypothesis is possikelenis ¢ess likely

given that no P300 effect was found for the memorially unique (rare) cue. Another
explanation lies in an indirect mechanism linking the cue and target. Agaif,thet old
memorially unique cues allowed for a faster disengagement of attentiarh tbn led to an
enhancement of early visual target processing (increased P1 amplitutieggt following

old cues. The fact that old memorially unique cues were more rare than the menathe
non-unique cues suggests that the P1 enhancement following these old unique cues was also
a rare event. The rarity of this P1 enhancement could have led to an increased P300
amplitude for these targets (specifically, targets following old ar&tly unique cues). To

test this hypothesis, the physical salience of the targets (i.e. tia lagghtness of the

stimulus) could be manipulated, in essence, making a subset of the target itemegenore r
based on increased enhanced visual processing (in this case, due to a phyaaristia

rather than an attentional enhancement). If bright unique targets lead to aceenR300,

then this indirect mechanism would be supported. However, if no P300 enhancement is seen,
then the direct mechanism described above may be a more accuratetiexpfanthe P300

effect seen here.

In summary, analysis of the ERPs to the peripheral targets suggests thaymemor
significantly affects target processing at early (the P1) andthed®@00) stages of analysis.
In other words, the effect of memory on attentional allocation is not limited hethayder
stages of conflict, but also affects the earliest stages of processicgyltyfound to be

modulated by attention.
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CHAPTER 5

GENERAL DISCUSSION

The goal of Part 2 was to investigate the neural effects of memory, andlpastic
memory context, on attention. This was accomplished through the use of ERPs, with a
manipulation of a classic cuing paradigm. Specifically, the voluntary arvevtypically
used in this paradigm was replaced with pictures of items which varied in theorge
status, referred to as “memorial cues”. We manipulated not only the metatuy-sf the
cue, but also the memory context of the test list (in other words, the ratio of oltenesy.i
By examining the ERPs to these memorial cues, we were able to detdrenieeed at which
these items were processed (i.e. whether they were deeply encoded &ether wemorial
context was processed). Critically, we were not only interested in thal peocessing of
cues, but also in the neural processing of targets following these cues. Qflantiterest
was how memory would affect target processing that is typically showneohamced by
attention (i.e. the P1 and the P300). The examination of target-evoked ERPS aléotoe
determine if and how item-memory and memory context affect attention me¢dina level.
Importantly, we were interested not in the capture of attention by memohe(asdet of
either old or new item can be distracting), but rather in the hold of attentiondtrar
words, the timing of disengagement), which may be affected differently byniemory and

memory context.



Again, although the primary goal of the current study was to investigateneovory
affects the allocation of attention (through examination of the ERPs tartets), it is
imperative to first discuss the level of memorial processing which waseadtby the
memorial items (through examination of the ERPs tacties). Distinct sets of memory-
related ERP components have been identified: one reflecting recollection-groagnition
(the parietal old/new effect) and two reflecting memorial context (conmp®meentified by
Herron et al). Importantly, all of these components have been found in experimental
paradigms using a slow presentation of individual test items. In contrass®paradigms,
the current paradigm used a faster presentation time for the memorgraadiesiditionally,
the memory item was followed by a peripheral target (again, similaclassic cuing
paradigm). To our knowledge, no previous studies have investigated how memory
components, such as the parietal old/new effect and the context effeatfiuareced by the
presence of an additional stimulus following a memory item.

Our results replicated the parietal old/new effect, finding that “old”, meihoria
unique items (as compared to “new,” non-unique items) produced a large positivity at
parietal electrode sites beginning around 500ms. The presence of this componens provide
evidence that successful recollection-driven recognition of these itemsdadedcduring
the cuing phase of the experiment (as was also evidenced by the recognitiory rpest
test). In addition, the late context effect was also replicated, as old rmbynamique items
elicited a greater negativity beginning around 1100ms, suggesting thdtpreeessing of
the memorial context (more specifically, the maintaining or updating oéfitesentation of
the list structure) also took place. Though the late context effeciephsated, it is

important to note that no early context effect was found, potentially suggestintigetha
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presence of the target interrupted some of the memory context updating. Touttithats

the functional differences between the early and late context effetttsrfresearch is
needed. In summary, analysis of the ERPs to the memorial cue demonstrated that both
recollection-driven recognition and some form of memorial context updatingpn@ressed
at the neural level.

While the findings related to cue processing were of interest, it was tred neu
processing of targets following these cues which allowed for the examinatios effects of
memory on attention. This analysis provided new evidence that memory sigtiyfiaffects
target processing, as an enhancement in both behavioral and neural target gra@sssin
found for targets following memorially unique, old items as compared to memorially non
unique, new items. Specifically, participants responded faster to tardeteirigl old
memorially unique cues (as compared to new memorially non-unique cues), anaumthport
this behavioral effect was accompanied with enhanced neural processing taripetseats
indexed by increased P1 and P300 amplitudes (No effects on the N1 were found, which was
expected as the N1 is not modulated by attention in localization tasks.). Again,ahis dat
provides new evidence that memory affects attention at the neural lewah iGe direction
of the behavioral results (decreased reaction times to targets following ohdrialéy
unique items), the enhancement of target processing was expected. In other wargs be
attention was held less by the old memorially unique cues, increased atleeSonaces
may have been allocated to the following targets. However, the direction effithiags
was somewhat surprising based on the results of the AB studies in Part 1. 8lpedifat 1
found that memorially unique items (whether old or new) held attention longer than

memorially non-unique items as exhibited by an extended AB. However, Pahig stiuidy
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found that old memorially unique items did not hold attention in this paradigm, #smeac
times to targets following old memorially unique items were dectleaseompared to

reaction times to new memorially non-unique items. Why this dissociatiorebetRart 1

and Part 2 was found is unclear and will be discussed below. However, before addnessing t
issue, it is first imperative to discuss what mechanism(s) may have beieg thie effects
demonstrated in Part 2.

Again, Part 2 found that participants responded faster to targets following old
memorially unique cues as compared to new memorially non-unique cues. Additionall
enhanced target processing (at the level of the P1 and the P300) was foundtfor targe
following old memorially unique cues. Currently, it remains unclear whétiese results
were driven by the “oldness” or the “memorial context” of the cues; thus,tdmtianal
effects observed in target processing cannot be exclusively linked to béhwrtetal
old/new effect or the late context effect elicited by the cues. In ordepanade the effects of
oldness from those of memorial context, the memorial context of Experiment 6 would need
to be reversed, making “old” items the distractors instead of new items. Thws,cunes
would now be unique relative to ongoing memory context, contrary to Experimdreré w
“old” items were unique. If the attentional effects observed in Experimert® solely due
to the memorial uniqueness of the cue, then the memorial context should revenggethe ta
effect, and new items should now lead to decreased reaction times to the tatgets a
enhanced attentional processing of these targets (Note: the parietal affaewvould still
be enhanced for the old items, but the late context effect would now be enhanced for ne
items.). Conversely, if the attentional effects were solely due to the Sdtokthe cues,

then the memorial context should not matter, and old items should again lead teatkcrea
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reaction times to the targets and enhanced neural processing of these \féingéther such
an effect of “oldness” is driven by differences in recognition processimeg or differences
in perceptual fluency would require further research. Additionally, if thecelfere is driven
by recognition (as might be implied by the presence of the parietal old/fest) ehen
further research would also be required to dissociate recollective-dro@mnigon (based
on retrieval of contextual information) from familiarity-driven recogmit(based on a sense
of previous exposure without a contextual retrieval) (Yonelinas, 2002). Previous $iankes
shown that recollection and familiarity have qualitatively distinct neusdeays (Yonelinas
et al, 2001). While the “study phase” in all of the experiments described hergtevered to
create deep semantic encoding, and thus, to produce recollection-driven meoasn)ittia
likely that both recollective and familiarity memory traces were ggadr Therefore, it
remains unclear whether familiarity alone would influence attentidmeisame way as
recollective-based memory. If the current effects are indeed found to be byiwddness
(and not memorial context), then an experimental manipulation of the level of pngcessi
during the study phase (i.e. deep semantic processing vs. shallow perceptuahg)oress
help dissociate the effects of recollection from those of familiarity emt@dh. In summary,
without further experiments, it is difficult to determine if oldness (whetbeollective or
familiarity-based) or memorial context underlies the current effects

Despite the uncertainty regarding which quality of the memorial cuestle#uks
current effects, the primary goal of Part 2 was to investigate thel neechanisms
underlying the effects of item-memory and memory context on attentiais. design, the
cuing paradigm used in Part 2 was intended to provide a measure of attentiondkbold (a

known as attentional dwell time) through analysis of the reactions timageid. If old
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memorially unique items held attention longer than new memorially non-uniqo® (s

would be predicted based on the AB results of Part 1), then a decrement in targeiraehavi
performance following these old memorially unique items was expected. Selyéf new
memorially non-unique items held attention longer than the memorially uniqueis jas

would not be predicted based on the AB results of Part 1), then an enhancement in target
behavioral performance following these old memorially unique items wastegpec

Ultimately, the latter effect was found, suggesting that attentawmell time was decreased

for old memorially unique items; and therefore, that attention was heldy¢bsse items.

This conclusion is based on the notion that the effect seen here is due to differemees in t
hold of attention, as was demonstrated by the AB studies in Part 1. Howevet,dn Par
alternative explanations exist. First, memory’s effect on attentiomnwiglyave been driven

by differences in attentional hold, but rather by differences in geaerasal levels to the
memorial cues. Perhaps arousal to old memorially unique cues is increasepased to

arousal to new memorially non-unique cues. While this explanation is possiabelld be
expected that arousal effects would cause enhancements at all levels cfipgoaesuding

the N1 (Eason, Harter, and White, 1969). Because we found enhancements only at the P1 and
P300, it is less likely that the effects found here are driven by changes in &evelksa
Additionally, recent work by Olofsson and colleagues reviewed forty yeaRPBfdfidies

which manipulated valence and arousal. They found that arousal effects (dlistimct

valence) occur after 200ms (Olofsson et al, 2008; Codispoti et al, 2007; Olofsson and Polich,
2007); and thus, cannot explain the P1 effect (~100ms) found here. Again, this suggests that

arousal is not causing the effects of memory on attention seen here.
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Whatever the mechanism driving Part 2, it seems that this mechanism may be
independent or different from that inherent in Part 1, as Part 1 founuamatially unique
items (whether old or new) produced an increased attentional hold, while Part 2 found that
old- memorially-non-unique items held attention. What underlies this difference remains
unclear. Of particular note, however, is the disparity in the timing of stimuli usedtid Bs
compared to Part 2. In Part 1 (the AB), each stimulus was displayed for 176ms {&@tlofin
52ms, whereas each stimulus in Part 2 (the cuing paradigm) was displayed fernv@@0m
large 1Sl ranging from 1050-1250ms. This difference in timing may haveidigéd distinct
levels of memorial processing from Part 1 to Part 2. In Part 1, the effeenobiy on
attention was found to be specific to memorial uniqueness and seemed to reflélgt an ea
automatic or unconscious updating of memorial context. For the purposes of this paper, thi
early automatic memorial context updating will now be referred to as ‘taséxt-
perception,” and will reflect the early intense focus of attentional resswvhich lead to an
increased hold of attention on memorially unique items. Importantly, it is possdilthe
ERP effects found in Part 2 did not highlight this early fast-context-p&voegige of
processing, but instead, highlighted a later (potentially overlapping) siage dot by
automatic memorial context updating, but rather by an effortful “memasgification.” As
the old items in Part 2 were also unique, this memory classification stggefheat either
the classification of an item’s individual memory-status (i.e. leadinglereeased hold on
old items) or the memorial classification of an item as compared to tHest€se. leading to
a decreased hold aremorially unique items). The memory-status recognition may parallel
the parietal old/new ERP effect, and the memorial context updating may piuelizie

context ERP effect. Whether driven by oldness or memorial context, the ynemor
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classification stage appears to occur later in stimulus processimgdexed by the onset of
these ERPSs) and to be more conscious in nature (as indexed by the need for a cue task).
To contrast the “fast-context-perception” stage with the context updatingnte
the “memory classification” stage, it may be useful to relate the cudmeimgs to previous
work in social cognition examining neural pathways to the amygdala. More sgbgifica
when viewing fearful faces, a ‘fast-pathway’ for emotional processiagtigated through
direct connections from the lateral geniculate nucleus to the amygdala. Fiviepad
considered to be automatic in nature, in that it is activated even when emotmohlast
not consciously perceived; and thus, may reflect an unconscious early wasterg sy
(Whalen et al, 1998). Additionally, a second indirect pathway to the amygdala tthroug
visual processing areas) has been found to reflect a slower, conscious peraiepti
emotional stimulus processing. These two stages of emotional processingt oigheir
level of automaticity, may provide an interesting parallel to the “fasegtiperception”
stage and the context updating in the “memory classification” stage pReheafast-context-
perception is similar to the unconscious ‘fast-pathway’ to the amygdala in phavitdes a
first automatic pass of stimulus processing (i.e. “Does this item fit hwtlother items I've
been viewing?”). In contrast, context updating of the memory classificatiga smay be
similar to the effortful pathway to the amygdala which provides a consciougrgcn of
the memory context (i.e. “This item is old, but | have been seeing a lot oferas’i}. In
summary, like the processing of emotional stimuli, memory context updatingerdiyitéed
into multiple stages which vary in their level of automaticity. However, bdtmsting this
hypothesis, it is first necessary to determine if memory context or mestadng is driving

the memory classification stage. Critically, however, the curremif sttidies provides the
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foundation necessary to determine the stimulus timing (i.e. the ISI betweeartlitargets)
best suited to dissociate the stages of memorial processing.

In conclusion, the current study provides new evidence for an aspect of atterition tha
has not been well understood - the influence of memory on attentional allocatiors #cnos
behavioral experiments, we examined the influence of item-memory otiaitd dwell
time by using a modified version of the AB paradigm (Part 1). Our resultsleeMinat the
AB was significantly affected by memory-status (novel versus old), bidatiytthis effect
depended on the ongoing memory context (Parks & Hopfinger, 2008). To examine the neural
effects of memory and memory context on attention, we then recorded ER@sujdcts
performed a modified cuing paradigm (Part 2). Our results provided new evitiahce t
memory significantly affects target processing, and that thistedteurs at early (as indexed
by the P1) and late (as indexed by the P300) stages of analysis. Spectfiogdlis
following old memorially unique cues showed increased visual processing amddasten
times compared to targets following new memorially non-unique cues. The wdo#g 2,
in conjunction with those of Part 1, suggest that the effect of memory on attention may
critically depend on the neural level at which an item is being processeth¢whea fast-
context-perception stage or at a memory classification stagefalQteese results provide

the first evidence that memory affects attention at the neural level.
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